Objective: The aim of study is to obtain a strain which can effectively degrade oil. Methods: By enrichment, domestication and separation of culture from the sample which comes from Qianjiang Guanghua Oilfield, the pure culture (G-40) was selected from the medium supplemented with oil as the sole source of carbon. The G-40 was preliminarily identified and classified by morphological observation, physiological and biochemical determination and sequence analyses of 16S rDNA. Effects of temperature, pH, oil concentration, salt concentration, inoculation amount, N and P source on the degradation of the oil were studied by single factor test. Meanwhile, the effects of temperature, pH, oil concentration and salt concentration were optimized by orthogonal design. Result: G-40 was isolated and identified as Brevibacillus laterosporus. The orthogonal design showed that the degradation rate of oil could reach 20.81%, 24.34% and 31.15% at 10 d, 20 d and 40 d under the optimal conditions which was 35˚C, initial pH 7.3, oil concentration 0.6%, salt concentration 0.5%, inoculum amount 8%, the optimal N and P was (NH 4 ) 2 SO 4 and K 2 HPO 4 . Conclusion: This study provides microbial resources for bioremediation of petroleum contaminated soil.
Introduction
Release of hydrocarbon into the environment whether accidentally or due to human activities is a main cause of water and soil pollution [1] [2] . Soil contamination with hydrocarbons causes extensive damage of local system since accumulation of pollutants in animals and plant tissue may cause death or mutations [3] . From the environment, hydrocarbon can also enter in food chains, leading to health problems. In the body, PAH are mutagenic and can cause a decrease in the immune response with an increased risk of infections [4] .
Fortunately, the degradation of these oils in the environment is possible through several techniques: physical [5] , chemical [6] or biological [7] . The technology commonly used for the soil remediation includes mechanical, burying, evaporation, dispersion and washing. However, these technologies are expensive and can lead to incomplete decomposition of contaminants. The process of bioremediation, defined as the use of microorganisms to detoxify or remove pollutants owing to their diverse metabolic capabilities is an evolving method for the removal and degradation of many environmental pollutants including the products of petroleum industry [8] . In addition, bioremediation technology is believed to be noninvasive and relatively cost-effective [9] . Biodegradation by natural population of microorganisms represents one of the primary mechanisms by which petroleum and other hydrocarbon pollutants can be removed from the environment and is cheaper than other remediation technologies and the most efficient for environment safe depollution [10] [11] .
Thus, in order to get insight of the bioremediation process of hydrocarbon in Qianjiang Guanghua Oilfield, the present study focused on the isolation, identification and degradation characterization of indigenous hydrocarbon-degrading bacterial strains with regards to the conditions for optimizing their activities and the efficient cleanup of the hydrocarbon pollutants.
Materials and Methods

Source of Isolation
The source for bacterial isolation consisted of soil contaminated with oil. Soil samples were collected into 500 ml sterilized glass bottles from eight sites in Qianjiang Guanghua Oilfield on June 2015, immediately carried to the laboratory and stored in a refrigerator prior at 4˚C to use.
Media
Oil medium (0.5% oil) according to reference [12] .
Beef peptone liquid medium, beef peptone solid medium, according to reference [13] .
Isolation of Bacteria
Five gram oil contaminated soil sample was inoculated in the 250 ml erlenmeyer flask of 100 ml oil medium on a horizontal shaker (150 rpm) at 35˚C. After 5 Open Access Library Journal days incubation period, 5 ml of sample from primary enrichment medium was transferred to a fresh oil medium containing the same oil and incubated as above. After three subculturing steps in broth medium, 0.1 ml of enrichment culture was plated after appropriate dilution on beef peptone solid medium and incubated at 37˚C for 24 h. Single colony appeared on the beef peptone solid medium was translated on a fresh beef peptone solid medium and incubated. Pure colony was obtained by using a single colony isolation procedure. Isolated colony was stored at 4˚C on beef peptone solid medium and subcultured at 3-week intervals or mixed with 40% glycerol and stored at −80˚C for future utilization [12] .
Growth Study
Experiments were conducted in the liquid MS medium described above with 0.5% oil (w/v) as sole carbon and energy source. Growth was monitored by measuring optical density at 420 nm with a TU-1900 spectrophotometer [14] .
Determination of Petroleum Degradation Rate
The rate of oil degradation was determined by gravimetric method. A total of 80 ml methylene chloride was added to the oil triangle bottle to extract the oil. The water in the oil was dried at room temperature until the anhydrous sodium sulfate column was removed, until the organic solvent completely evaporated. Place the oil in the vacuum drying box at 40˚C and keep the vacuum at 0.04 Mpa for 30 min. Then remove it and leave it in the dryer for 30 min and to weigh. The rate of petroleum degradation is calculated according to the Formula (1):
D: The rate of petroleum degradation, %; C 0 : blank hydrocarbon concentration, mg/L; C S : concentration of petroleum hydrocarbon in the culture fluid, mg/L [15] .
Taxonomy
Culture Characteristics and Cell Morphology
The colony characteristics were observed on the agar plate of Beef Peptone Agar, and the cell morphology was observed under microscope after gram staining.
Physiological and Biochemical Tests
The physiological and biochemical properties of the strain were determined according to the microbiological test method [13] .
Molecular Biological Assay
The16S rDNA gene of colony G-40 was amplified by PCR using the universal primers 27F and 1492R [16] and Thermo Scientific Phusion Flash High-Fidelity kit. The 16S rDNA gene were sequenced by Sangon Biotech (Shanghai, China)
Co., Ltd. The sequence similarities were analysed by Blasting on the National Centre for Biotechnology Information (NCBI). The phylogenetic tree was con- 
Study on Degradation Characteristics
Single Factor Test
The bacteria were inoculated into beef peptone liquid medium. The bacteria were inoculated in logarithmic phase, centrifuged, removed supernatant, washed with sterile normal saline, and adjusted to OD 420 = 3.28. In the basic culture medium at the same time, by changing the growth conditions in different temperature, pH, oil concentration, salt concentration, inoculation amount, N source, P source on a horizontal shaker (150 rpm) at 35˚C in 100 ml oil medium for 5 d.
Learning the suitable growth conditions of G-40 by the determination of OD 420 .
Orthogonal Test
Four factors and 3 levels orthogonal test (Table 1) 
Verification Test
Under orthogonal optimum conditions, the oil removal rate of G-40 was measured at 10, 20 and 40 day, respectively.
Determination of Growth Curve
Under the optimum conditions, the strain of G-40 was injected into the oil medium with 8% inoculum, drawing the growth curve by measuring its OD 420 .
Results and Analysis
The Results of Taxonomy
Culture Characteristics and Cell Morphology
A strain of G-40 which can remove oil isolated from contaminated soil. After 3 days of cultivation of bacteria, colony morphology is shown in Figure 1 . A few selected bacteria were Gram staining, showed that bacteria were G + , spores are oval, lateral; The characteristics of colonies are shown in Table 2 . 
Physiological and Biochemical
The physiological and biochemical of G-40 is shown in Table 3 . Combined with culture characteristics and cell morphology, according to Berger's Manual of Determinative Bacteriology, the strain can be identified as Brevibacillus [17] .
Molecular Identification
The 16S rDNA gene obtained from the isolates was amplified via PCR using a universal bacterial primer set. Based on the morphological observation, physiological and biochemical determination and sequence analyses of 16S rDNA se- 
Physiology
Single Factor Test 1) Temperature
The biomass of G-40 was effected by temperature as shown in Figure 3 . The biomass increased firstly and decreased lastly with the increase of temperature. There were larger biomass of G-40, when the temperature were 30˚C (OD 420 = 0.655) and 35˚C (OD 420 = 0.557). Compared with other treatments, there were significant differences.
Extremely significant difference (P < 0.01); Significance difference (P < 0.05). Same as below.
2) pH The biomass of G-40 effected by pH as shown in Figure 4 . The biomass increased firstly and decreased lastly with the increase of pH. There was larger biomass of G-40, when the pH was 7.5 (OD 420 = 0.699). Compared with other treatments, there were extremely significant differences.
3) Oil Concentration The biomass of G-40 effected by oil concentration as shown in Figure 5 . There were larger biomass of G-40, when the oil concentration were 0.4% (OD 420 = 0.669), 0.6% (OD 420 = 0.719), 0.8% (OD 420 = 0.615), 1.0% (OD 420 = 0.644). Compared with the biomass of oil concentrate 0.2%, there were extremely significant differences. 
Brevibacillus nitrificans DA2 AB507254
Brevibacillus choshinensis DSM 8552 LJJB01000010
Brevibacillus brevis NBRC 15304 AB271756
Brevibacillus formosus DSM 9885 LDCN01000015
Brevibacillus gelatini PDF4 KP899808
Brevibacillus invocatus NCIMB 13772 AB112718
Brevibacillus panacihumi DCY35 EU383033
Brevibacillus borstelensis NRRL NRS-818 D78456
Brevibacillus levickii LMG 22481 AJ715378
Brevibacillus fluminis CJ71 EU375457
Brevibacillus halotoleransLAM0312 KJ627768
Query G-40
Brevibacillus laterosporus DSM 25 AB112720 99 
4) Salinity
The biomass of G-40 effected by salt concentration as shown in Figure 6 . The biomass increased firstly and decreased lastly with the increase of salt concentration. There were larger biomass of G-40, when the salt concentration were 0.2% (OD 420 = 0.482) and 0.4% (OD 420 = 0.569). Compared with other treatments, there were extremely significant differences.
5) Inoculation amount
The biomass of G-40 effected by inoculation amount as shown in Figure 7 . The biomass increased with the increase of inoculation amount. There were larger biomass of G-40, when the inoculation amount were 8% (OD 420 = 0.972) and 10% (OD 420 = 1.036). Compared with other treatments, there were extremely significant differences.
6) Nitrogen
The biomass of G-40 effected by nitrogen source as shown in Figure 8 . There were larger biomass of G-40, when the nitrogen source were (NH 4 ) 2 SO 4 (OD 420 = 0.593), NH 4 Cl (OD 420 = 0.538) and NH 4 NO 3 (OD 420 = 0.500). Compared with the biomass of KNO 3 , there were extremely significant differences.
7) Phosphorus
The biomass of G-40 effected by phosphorus source as shown in Figure 9 . There were larger biomass of G-40, when the phosphorus source were K 2 HPO 4 (OD 420 = 0.515) and Na 2 HPO 4 (OD 420 = 0.534). Compared with the biomass of KH 2 PO 4 and NaH 2 PO 4 , there were extremely significant differences.
Orthogonal Test
Different conditions had obvious influence on the oil removal rate of G-40. The maximum range of temperature is the key factor affecting the oil removal rate of G-40, followed by pH and oil concentration, while salt concentration has the least influence. Therefore, the suitable condition of oil removal rate of G-40 was A 3 B 1 C 3 D 3 which was 35˚C, pH 7.3, oil concentration 0.6%, salt concentration 0.5% (Table 4) .
Verification Test
The results of verification test were shown in Figure 10 . Under orthogonal optimum conditions, the oil degradation of G-40 reached to 20.81%, 24.34% and 31.15% at 10, 20 and 40 day, respectively. 
Determination of Growth Curve
The results of Determination of growth curve were shown in Figure 11 . The 0 -1 day was the lag phase of G-40; In this period, the reason why no biomass increase is that bacteria were first introduced into a fresh media. The 2 -11 day was the exponential of G-40; In this period, the strain rapidly propagated and gradually turned the oil medium to muddy. The 12 -18 day was the stationary phase of G-40; In this period, death rate = rate of reproduction of G-40 and continues for a long time.
Discussion and Conclusion
Discussion
Brevibacillus laterosporus was identified by Shida [18] 
Conclusion
The suitable conditions of oil removal rate of G-40 were 35˚C, pH 7.3, oil concentration 0.6%, salt concentration 0.5%, inoculation amount 8%, N and P was 
